BEST AVAILABLt UJfi 



J) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



11 H 



© Publication number: 



0 447 856 A1 



EUROPEAN PATENT APPLICATION 



© Application number: 91103051.8 
© Date of filing: 28.02.91 



© Int. CI. 5 : G11C 16/04 



© Priority: 28.02.90 J P 48126/90 


@ inventor: Asano, Masamichi 


© Date of publication of application: 
25.09.91 Bulletin 91/39 


45-7-308, Denenchofu-Honcho 
Ota-ku, Tokyo-to(JP) 


© Designated Contracting States: 




DE FR GB 


© Representative: Lehn, Werner, Dipl.-lng. et al 


© Applicant: KABUSHIKI KAISHA TOSHIBA 
72, Horikawa-cho Saiwai-ku 


Hoffmann, Eitle & Partner Patentanwaite 
Arabellastrasse 4 


Kawasaki-shi Kanagawa-ken 210(JP) 


W-8000 Munchen 81 (DE) 



© Nonvolatile semiconducteur memory. 

© A non-volatile semiconductor memory cell including: a plurality of blocks (31-1 to 31 -k) each having a 
plurality of floating gate transistors (30) as memory cells, the floating gate transistor (30) having a drain (16), a 
source (15), a floating gate (11), and a control gate (13) capacitively coupled to the floating gate (11), and a data 
program of the floating gate transistor (30) being effected by data write through injection of electrons into the 
floating gate (11) and by data erase through emission of electrons from the floating gates (11); a circuit unit for 
applying an erase signal to a selected one of the blocks to emit electrons from the floating gates of a plurality of 
memory cells (30) in the selected block and to erase data in all of the memory cells in the selected block at the 
same time; and a circuit unit (36) for applying a write signal to the drains (16) of the floating gate transistors (30) 
within the selected block, without applying the write signal to the drains (16) of the floating gate transistors (30) 
of non-selected blocks. 
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Field of the Invention 



The present invention relates to a nonvolatile semiconductor memory whose data can be electrically 
erased, and more particularly, to a nonvolatile semiconductor memory capable of preventing erroneous 
5 operation of non-selected cells by shortening the time during which a voltage stress is applied to the non- 
selected cells. 

Background of the Invention 



io An Electrically Erasable and Programmable ROM (EEPROM) can electrically erase and write data by 

using an electric signal while it is mounted on a circurt board. Therefore, it is more useful than an EEPROM 
of an ultraviolet erase type. Demand for EEPROMs is therefore rapidly increasing for use with control 
circuits, IC cards (memory cards), and the like. In order to realize an EEPROM having a large capacity in 
particular, its memory cell has the structure such as shown in Figs. 7A to 7C. 

is Fig. 7A is a plan view showing a pattern layout, Fig. 7B is a cross sectional view taken along line B-B of 

Fig. 7A, and Fig. 7C is a cross sectional view taken along line C-C of Fig. 7A. In these figures, reference 
numeral 11 represents a floating gate made of a polysilicon first layer. Reference numeral 12 represents an 
erase gate made of a polysilicon second layer. Reference numeral 13 represents a control gate made of a 
polysilicon third layer. The control gate 13 is also used as a word line. Reference numeral 14 represents a 

20 P-type substrate. Reference numerals 15 and 16 represent a source and a drain made of an N*-type 
diffusion layer and formed on the substrate 14, respectively. Reference numeral 17 represents a contact 
hole. Reference numeral 18 represents a data line made of an aluminum layer connected to the drain 16 via 
the contact hole 17. Reference numeral 19 represents a gate insulating film at the floating gate transistor 
region having a thickness of 300 angstroms. Reference numeral 20 represents a gate insulating film having 

25 a thickness of 350 angstroms and formed between the floating gate 11 and the erase gate 12. Reference 
numeral 21 represents a gate insulating film formed between the floating gate 11 and the control gate 13. 
This gate insulating film 21 is made of a three-layer structure film having an Oxide-Nitride-Oxide (O-N-O) 
structure. Reference numeral 22 represents a gate insulating film formed between the erase gate 12 and the 
control gate 13 and also having the O-N-O structure. Reference numeral 23 represents a gate insulating film 

30 at a select transistor region which uses the polysilicon layer 13 as its gate electrode. Reference numeral 24 
represents a field insulating film, and 25 represents an interlayer insulating film. 

The equivalent circuit of the memory cell shown in Figs. 7A to 7C is shown in Fig. 8, and the equivalent 
circuit of the capacitance system is shown in Fig. 9. In Fig. 8, V 0 represents a drain potential, V s a source 
potential, V FG a floating gate potential. V EG an erase gate potential, and V CG a control gate potential. In Fig. 

as 9, C FC represents a capacitance between the floating gate 11 and the control gate 13, C FE a capacitance 
between the floating gate 11 and the erase gate 12, C FO a capacitance between the floating gate 11 and the 
drain 16, and C FS another capacitance as viewed from the floating gate 11. In this capacitance system, the 
initial value Q 0) of electrical charge stored in all capacitors is given by the following equation. 



40 Q (I) = (V FG - V CG ) C FC + (V FG - V EG ) C FE 
+ (V FG - V 0 ) C F0 + (V FG - V s ) C FS (1) 



The total capacitance Ct is given by the following equation. 



45 



C FG + C FE + C F o + C F s 



(2) 



The voltage V FG applied to the floating gate is therefore given by the following equation. 



so 



Vfg = {(V CG C FC + V EG C FE + V 0 C FD 
+ V s C FS )/C T } + {Q (0 /C T } (3) 



55 



By substituting Q(i)/C T = V FG0) and V s = 0 V into the equation (3), we obtain 



Vfg = {(Vcg C FC + V EG C FE 
+ V 0 C fo )/Ct} + V FG(I) (4) 
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Memory cells each constructed as above are actually disposed in a matrix within a memory cell array. 
For simplicity of description, a four bit memory array having four memory cells M1 to M4 is shown in Fig. 
10. Each of the drains 16 of the four memory cells M1 to M4 is connected to two data lines OL1 and DL2. 
Each of the control gates 13 is connected to two word lines WL1 and WL2. The erase gates 12 are 
commonly connected to one erase line EL, and the sources are applied with a reference voltage (e.g., 0 V). 

In the memory cell array constructed as above, data is erased collectively for all the memory cells M1 
to M4. More in particular, the source potential V s , drain potential V 0) and control gate potential V CG of each 
memory cell are set to 0 V (namely, the data lines DL1 and DL2, and word lines WL1 and WL2 are set to 0 
V), and the erase gate potential V eG is set to a high potential (e.g., +20 V). In this case, by the Fowler- 
Nordhei'm's tunnel effect, electrons in the floating gate 11 are emitted to the erase gate 12 by the electric 
field so that the floating gate 1 1 is charged positive. Assuming that the potential V FG(t) of the floating gate 1 1 
rises for example to +3 V (assuming in this case the threshold voltage V™ of the floating gate transistor is 
1 V), then an inversion layer is formed under the floating gate 11 so that the threshold voltages of the 
memory cells M1 to M4 become lower. This state assumes that data "1" is being stored. 

Consider next writing data in a selected memory cell, e.g., memory cell M1 in the memory eel! array. In 
order to write data in the selected memory cell M1, the control gate potential V CG (potential at the word line 
WL1) for the selected memory cell M1 is set to a high potential, e.g., +12.5 V, the drain potential V D - 
(potential at the data line DL1) is set to a high- potential, e.g., +10 V, and the source voltage V s , and 
potentials at the data line OL2 and word line WL2 are set to 0 V. The erase gate potential V FG is set to +5 
V for example so that the potential at the floating gate 1 1 rises to alleviate writing data into the selected cell 
M1. The hot electron effect occurs near the drain 16 of the selected cell M1 so that electrons generated by 
impact ionization are injected into the floating gate 11. With the control gate potential V CG of 12.5 V, the 
floating gate potential V FG will become 10.5 V according to the equation (4). However, the potential at the 
erase gate 12 as seen from the floating gate 11 is -5.5 V because the erase gate potential V EG is 5 V. By 
applying 5 V to the erase gate 12 as in the above case, electrical field is relaxed relative to the erase gate 
at the floating gate of a non-selected ceil M2 connected to the same word line as that of the selected cell 
M1. Accordingly, erroneous operation due to erroneous data writing can be avoided, resulting in improved 
reliability. Apart from the above discussion, the voltage stress applied between the drain 16 and the floating 
gate changes greatly with whether the data of a memory cell is "1" or "0". The voltage stresses applied 
between the drain 16 and the floating gate 1 1 of each of four memory cells M1 to M4 are summarized in 
Table 1. 
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The maximum voltage stress to the floating gate among non-selected memory cells M2 to M4 in Fig. 10 
55 is applied to the non-selected memory cell M3 when it has data "0", the control gate thereof being 
connected to the word line WL2 different from the word line WL1 of the selected memory cell M1. 
Specifically, as seen from Table 1, a voltage of +13.0 V is applied between the floating gate 11 and drain 
16 of the non-selected cell M3. Electrons in the floating gate 11 are therefore likely to be emitted to the 



4 



p 



EP 0 447 856 A1 



drain, and in some cases there is a fear of erroneously erasing the data. The case, second likely to be 
operated erroneously, is for the memory cell M2 when it has data "1". In this case, electrons are likely to 
be injected into the floating gate, resulting in a fear of writing data erroneously. 

Fig. 1 1 is a circuit diagram showing a conventional memory having memory cells described above. In 

5 Fig. 11, each of cells 30 in a memory cell array 31 is connected to n data lines DL1 to DLn, and each 
control gate 13 is connected to m word lines WL1 to WLm. Erase gales 12 of the memory cells 30 are 
commonly connected to an erase line EL, and a reference voltage, e.g., 0 V is applied to the sources 15. 
The erase gates of all the memory cells 30 in the memory cell array are commonly connected so that a 
voltage V eG is applied to the erase gates of all the memory cells 30 at the same time when data is written. 

10 In Fig. 11, reference numeral 32 represents a row decoder, 33 a column decoder, 34-1 to 34-n column 
select transistors, 35 a bus line, 36 a data input circuit, 37 a sense amplifier circuit, 38 a data output circuit. 
39 an erase voltage booster circuit, and 41 an address buffer. 

Consider the case where it takes a time t to write data in one cell (one bit) and data is written 
sequentially for all bits. The maximum time while a stress is applied to a non-selected memory cell 

75 becomes (m-1) x t per one bit (one cell) (for example, the stress time for a non-selected memory cell M3 in 
the possible erroneous data erase state as described with Table 1, is the time duration while the control 
gate 13 is applied with 0 V and the drain 16 is applied with 10 V). On the other hand, the maximum time 
while a stress is applied to a non-selected memory ceil becomes (n-1) x t per one bit (one celt) (for 
example, the stress time for a non-selected memory cell M2 in the possible erroneous data write state as 

20 described with Table 1, is the time duration while the control gate 13 is applied with 12.5 V and the drain 16 
is applied with 0 V). As described above, m represents the number of rows, and n represents the number of 
columns. 

For example, for a memory of 1 M bits (128 K words x 8 bits), n = 128 and m = 1024. Assuming that 
a data write time for one bit is 1 ms, the stress time during the possible erroneous data erase state is given 
25 by 

1 ms x (1024 - 1) = 1.023 second (a) 

The stress time during the possible erroneous data write state is given by 

30 

1 ms x 127 = 127 ms 

These stress times pose no practical problem when it is considered that the thickness of the insulating film 
of the floating gate 111 is 300 angstroms and that the probability of erroneous data erase or write is 

35 proportional to the stress time. 

Figs. 12A to 12C show a second example of a conventional EEPROM cell having no erase gate. Like 
elements to those in Figs. 7A to 7C are given identical reference numerals. Points of difference from the 
EEPROM shown in Figs. 7A to 7C reside in that the EEPROM shown in Figs. 12A to 12C has no erase gate 
and no select transistor having the control gate 13 as its gate, and the floating gate 11 is in direct contact 

40 with the source 15 and drain 16. The floating gate insulating film 19 is formed as thin as about 100 
angstroms. 

Next, the operation principle of the EEPROM shown in Figs. 12A to 12C will be described. 
In erasing data, the source 15 is applied with an erase voltage of 10 V, the drain 16 is made to enter a 
floating state, and the control gate 13 is set to 0 V. As a result, a high voltage is applied via the thin floating 
45 insulating film 19 across the floating gate 11 and source 15. In this condition, by the Fowler-Nordheim's 
tunnel effect, electrons in the floating gate 1 1 are emitted to the source 15 to thereby erase the data. 

In writing data, the drain 16 is set to about 6 V, the source to 0 V, and the control gate 13 to 12 V. In 
this condition, hot electrons generated near at the drain 16 are injected into the floating gate 11 to thereby 
"write the data. 

so In reading data, the drain 16 is set to 1 V, the source 15 to 0 V, and the control gate 13 to 5 V. In this 
condition, the data "0" or "1" is read which is determined in accordance with whether or not electrons are 
present in the floating gate 11. 

Memory cells described above may also be used in place of memory cells shown in Fig. 1 1 to form a 
memory cell array. In this case, the erase lines EL are connected to the sources V s common for all memory 
55 cells. In this arrangement, data can be erased collectively for all memory cells. 

In the first conventional technique described above, the stress state of all memory cells is cleared upon 
collective erase. Therefore, even if write and erase (hereinafter abbreviated as W/E) operations are repeated 
for example 10* times, the stresses will not be accumulated, thereby posing no problem. 

5 
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However, with collective erase, data not desired to be erased is forced to be erased. In this case, the 
collective erase is not useful and is associated with various difficulties. In order to solve this problem, it may 
be considered that the memory cell area is divided into a plurality of smalt sub-areas (hereinafter called 
blocks) and data is erased on the block unit basis (hereinafter called block erase). In more particular, erase 

5 gates of memory cells connected to two word lines are coupled together. In erasing data, one of a plurality 
of such common erase lines is selected and applied with an erase voltage V EG = 20 V by means of an 
erase decoder (not shown). In this manner, only memory cells belonging to the selected block can be 
erased, thus allowing block erase. 

Consider the time while a stress is applied to a non-selected cell for the case where cells are divided 

w into blocks. First, consider the stress time with possible erroneous data write (refer to Table 1). This stress 
time is Jthe same as for collective erase without dividing into blocks. Next, consider the stress time with 
possible erroneous data erase (refer to Table 1). The maximum stress time under the condition that all 
blocks (corresponding to 1022 word lines) other than the selected block (corresponding to 2 word lines) 
repeat W/E operations 10 4 times, is given by 

15 

1 ms x 1022 x 10 4 = 10200 seconds 

Such a long term stress time may cause erroneous data erase. 

The EEPROM in Figs. 12A to 12C shown as the second conventional example has its memory cell 
20 constructed by using only two polysilicon layers so that it is suitable for miniaturization. However, as 
described above, in block erase, a large stress is applied to the drain of non-selected cells. In addition, the 
insulating film 19 in particular is as thin as 100 angstroms so that practical block erase is difficult. 

SUMMARY OF THE INVENTION 

25 

The present invention has been made while considering the above problems. It is therefore an object of 
this invention to provide a non-volatile semiconductor memory wherein the memory cell array is divided into 
a plurality of blocks and a stress is not allowed to be applied to non-selected blocks during data write to 
thereby prevent erroneous operation of non-selected memory cells during the data write. 
30 According to one aspect of the present invention, the non-volatile semiconductor memory cell com- 
prises: 

a plurality of blocks each having a plurality of floating gate transistors as memory cells, the floating gate 
transistor having a drain, a source, a floating gate, and a control gate capacitively coupled to the floating 
gate, and a data program of the floating gate transistor being effected by data write through injection of 
as electrons into the floating gate and by data erase through emission of electrons from the floating gates; 

means for applying an erase signal to a selected one of the blocks to emit electrons from the floating 
gates of a plurality of memory cells in the selected block and to erase data in all of said memory cells in 
said selected block at the same time; and 

means for applying an erase signal to the drains of the floating transistors in the selected block, without 
40 applying the write signal to the drains of the floating gate transistors in non-selected blocks. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a circuit diagram showing a first embodiment of this invention; 

Fig. 2 is a circuit diagram of a part of the actual layout pattern similar to the circuit shown in Fig. 1 ; 
45 Fig. 3A is a plan view of the layout pattern of Fig. 2; 

Figs. 38 and 3C are cross sectional views taken along lines B-B and A-A of Fig. 3A; 

Figs. 4 and 4A are circuit diagrams of a part of the actual layout pattern of the memory according to 
_ . second and third embodiments of this invention; 

Fig. 5A is a plan view of the layout pattern of Fig. 4; 
so Figs. 5B and 5C are cross sectional views taken along lines B-B and C-C of Fig. 5A; 

Fig. 6 is a circuit diagram of a part of the actual layout pattern of the memory according to a fourth 

embodiment of this invention; 

Fig. 7 A is a plan view showing the layout of a conventional memory cell; 
Figs. 7B and 7C are cross sectional views taken along lines B-B and A-A of Fig. 7A; 
ss Figs. 8 and 9 are an equivalent circuit of the memory cell shown in Fig. 7A and an equivalent circuit with 
respect to capacitances of the memory cell; 

Fig. 10 is a circuit diagram showing a part of a conventional memory cell array; 
Fig. 1 1 is a circuit diagram of a conventional memory; 
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Fig. 12A is a plan view showing the layout of another conventional memory cell; and 
Figs. 12B and 12C are cross sectional views taken along lines B-B and C-C of Fig. 12A. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 



5 In brief, in the embodiments of this invention, a memory cell array is divided into a plurality of blocks to 

erase data in the block unit basis and to prevent a voltage stress to non-selected blocks during data write. 
With this arrangement, the embodiments realize high reliability of W/E cycles. 

Fig. 1 shows the first embodiment of this invention. In Fig. 1, like elements to those shown in Fig. 11 
are represented by identical reference numerals and. symbols of Fig. 1. In Fig. 1, Ac represents a column 
/o address, Ar a row address, Ae an erase address, and A BS a block select address. 

Each memory cell array 31-1 to 31 -k is a set (block) of memory cells connected to a plurality of word 
lines (in this case, two word lines). The word lines of each block is connected to the corresponding one of 
row decoders 32-1 to 32-k. In each block (each memory cell array 31-1 to 31-k), erase gates of a plurality of 
memory cells are commonly connected, and the commonly connected erase gate are connected to the 
15 corresponding one of the erase lines ELI to ELk. Erase decoders 44-1 to 44-k are used to select a 
corresponding one of the erase lines EL1 to ELk. In each block, drains of a plurality of memory cells 30 in 
the same column are connected to a same common drain 43. This common drain 43 is connected, via the 
corresponding one of array select transistors 42-1 to 42-n, to the corresponding one of data lines DL1 to 
DLn. Gates of each of these block select transistors 42-1 to 42-n are connected to the corresponding one of 
20 block select lines BSL1 to BSLk. Each of these select lines BSL1 to BSLk is connected to the 
corresponding one of block select decoders 45-1 to 45-k. 

The other structure is substantially the same as that shown in Fig. 11. 
The operation of the above-described memory will be described. 

The description will be directed to the case where the block of the memory cell array 31-1 is erased. 

25 in this case, first the erase decoder 44-1 is selected so that an erase voltage V EG (about 20 V) is 
applied to the erase line EL1. The other erase decoders 44-2 to 44-k are not selected, so the erase lines 
EL2 to ELk are set to 0 V. The word lines of all the arrays 31-1 to 31-k are set to 0 V, the block select lines 
BSL1 to BSLk are also set to 0 V, and the common drain 43 is set substantially to 0 V. As a result, all 
memory cells within the memory cell array 31-1 are erased at the same time. 

30 Next, data write will be described. For example, it is assumed that data "0" is supplied to a data input 
Din and is written in a memory cell M1 within the array 31-1. In this case, a write voltage is outputted from a 
data input circuit 36 to a common bus line 35 so that the common bus tine 35 becomes 12 V. The column 
select line CL1 is selected by the column decoder 33 so that the column select line CL1 becomes 12 V. In 
addition, the block select decoder 45-1 is selected so that the block select line BSL1 becomes 12 V. When 

35 the column select line CL1 is selected, the data line DL1 becomes 10 V. When the block select line BSLl is 
selected, the common drain 43 connected to the transistor 42-1 also becomes 10 V. The row decoder 32-1 
selects the word line WL1 so that the word line WL1 becomes 12 V. In this condition, the data is written in 
the selected memory cell M1. 

On the other hand, the non-selected block select lines BSL2 becomes 0 V. Therefore, all the block 

40 select transistors 42-1 to 42-n of the non-selected block cell arrays 31-2 to 31-k are being turned off. 
Accordingly, all the common drains 43 within the non-selected block cell arrays 31-2 to 31-k are generally 0 
V (in a floating state). For this reason, a voltage stress is not applied to the drain of each cell 30 within the 
non-selected cell arrays 31-2 to 31-k. 

Next, data read will be described. The description will be directed to the case where data is read from 

45 the memory cell M1. In this case, the block select decoder 45-1 is selected so that only the block select 
line BSL1 becomes 5 V. The other lines BSL2 to BSLk are not selected and become 0 V. The word line 
WL1 of the selected block 31-1 is selected by the row decoder 32-1 so that the word line WL1 becomes 5 
V. When the column select line CL1 is selected by the column decoder 33, the data line DL1 is selected. In 
"this condition, the data is read from the selected memory cell M1. In this case, all the block select 

so transistors 42-2 to 42-k of the non-selected blocks 31-2 to 31-k are being turned off. Therefore, the common 
drains 43 of the other arrays 31-2 to 31-k are disconnected from the data line DL1 so that parasitic 
capacitance on the data line DL1 is considerably reduced. Thus, the charge/discharge time of the data line 
DL1 is shortened and data is read from the memory cell M1 at high speed. If the read speed is allowed to 
be slower than this, all the block select lines BSL1 to BSLk may be set to 5 V. 

55 The stress time of the memory cell M3 for example will be compared with that of the memory shown in 
Fig. 11, assuming that the memory of 1 M bits is constructed as shown in Fig. 1. The stress is applied to 
the memory cell M3 only when data is to be written in the ceil M1 within the same block 31-1, and is not 
applied when data is to be written in any cell within the other blocks 31-2 to 31-k. Therefore, the stress time 

7 
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of the cell M3 is one data write time in the memory shown in Fig. 1 (wherein two word lines are connected 
to one row decoder). Assuming that the one data write time is 1 ms similar to the conventional case 
described above, the stress time is 1 ms which is extremely short as compared with 1 .023 sec obtained by 
the equation (a) in the conventional memory. Consequently, the cell M3 is not erroneously erased in 
s practice. 

Fig. 2 is a circuit diagram showing a part of the actual layout pattern similar to the circuit shown in Fig. 
1. Figs. 3A to 3C are a plan view and cross sectional views of the circuit shown in Fig. 2. Namely, Fig. 3A is 
a plan view, Fig. 38 is a cross sectional view taken along line B-B of Fig. 2, and Fig. 3C is a cross sectional 
view taken along line C-C of Fig. 2. In Figs. 3A to 3C, like elements to those shown in Figs. 7A to 7C are 
w represented by identical reference numerals and symbols. 

As seen from Fig. 2, four word lines are contained in each block, so there are four memory cells 
connected to one data line (e.g. DL1) via the block select transistor 42-1. As seen from Fig. 3A, the 
characteristic feature of this layout resides in that drains 16 of the four memory cells are commonly 
connected by using only a diffusion layer 1 6A without contacting them directly to an A1 layer. The drains 1 6 
75 commonly connected via the diffusion layer 16A are connected to the block select transistor 42-1. The 
diffusion layer 16A is connected to the data line (A1) DL 18 via a contact 17. With this layout only one 
contact hole is used for eight transistors, within two blocks, connected to one data line, reducing the 
number of contacts to one fourth the conventional memory per one block and contributing to efficiently 
reducing the pattern dimension. The sources 15 of a pair of cells 30 are commonly connected by using a 
20 diffusion layer 15A which is in turn connected to a V ss line (A1) 26 via a contact hole 17a. 

Fig. 4 shows another embodiment also capable of block erase. Fig. 4 corresponds to the memory 
without an erase gate shown in Figs. 12A to 12C. The different point of Fig. 4 from Fig. 2 is that there is 
formed a source select transistor 47 between a common source line V ss , and a common source 46 of 
memory cells within a block. The gates of these transistors 47 within a block are commonly connected to 
25 the corresponding one of source select lines SSL1 to SSLk (in Fig. 4, only SSL2 and SSL3 are shown). The 
circuit indicated by 100 shown in Figs. 4 and 6 is the same as the circuit 100 shown in Fig. 1. 

The operation of the memory shown in Fig. 4 will be described. 

It is assumed that the block having word lines WL5 to WL8 is selected. 

In erasing data, the block select line BSL2 and word lines WL5 to WL8 is set to 0 V, and the source 
30 select line SSL2 and common source line V ss - are set to 12 V. The source select lines SSL1, SSL3 to SSLk 
of the non-selected blocks are all set to 0 V. In this condition, there is applied about 10 V only to the 
common source line 46 of the selected block. On the other hand, an erase voltage is not applied to the 
sources of memory cells of the non-selected block to avoid data erase. 

Data write into the cell M1 will then be described. The data line DL1 and word line WL5 are selected so 
35 that it becomes DL1 = 6 V, and WL5 = 12 V. 

the block select line BSL2 and source select line SSL2 are selected and become 12 V. The common 
source line V S s- becomes 0 V. In this condition, data is written in the memory cell 30 (M1). In this case, 
since the block select lines BSL1, BSL3 to BSLk of the other blocks are all set to 0 V, any stress is applied 
to the drains of memory cells 30 of the non-selected blocks even if the data line DL1 becomes 6 V. It is 
40 preferable that the source select lines SSL1, SSL3 to SSLk of the non-selected blocks be set to 0 V. 
However, even if the source select transistors are being turned on, there occurs no problem. 

Fig. 4A shows a device that enables a reduction of the width of the device of Fig. 4. The device shown 
in Fig. 4A is a single data system for two adjacent data lines shown in Fig. 4. For example, the two data 
lines DL2 and DL3 of Fig. 4 becomes the one data line DL23. The two common drains 43, 43 positioned on 
45 each side of the two data lines that were one data line, become the one common drain 43A. The two 
common drains 43, 43 are made into the one common drain 43A and so the two array selector transistors 
that were respectively connected to the drains 43, 43 become one array selector transistor. For example, 
Jhe selector transistors 42-2 and 42-3 become the one array selector transistor 42-23. Furthermore, in Fig. 
4A, between the two cells (for example M1 and M2) that are symmetrical left and right is formed a common 
so source line V ss ^ and V ss . 2 . The source voltage that is applied to those common source lines is determined 
by the source decoder SD. The source decoder SD has the array address Ac (see Fig. 1), A c *i and the 
erase signal Erase applied to it. 

In Fig. 4A, those portions that are the same as those in Fig. 4 are indicated with the same numerals. 
The data write, read and erase operations in Fig. 4 A are performed by applying a voltage to each of the 
55 lines in the same manner as shown in Fig. 4. However, in the case of Fig. 4A, the selection of the common 
source line for each of the operations differs from that for Fig. 4. More specifically, when there is erase, the 
Erase signal is applied to the source decoder SD. The source decoder SD applies 12 V to all of the 
common source lines V^-, and V ss -2. In addition, when there is write, the array decoder 33 (see Fig. 1) 
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makes the data line DL23 for example, 6V due to the array address A c . At this time, the source decoder 
makes the common source lines V SSM and V S s-2 for example, the 0 V and open status, respectively on the 
basis of the array addresses A c and A c *i. All common source lines other than these are also in the open 
status. When there is read, and the data line 23 is selected, for example, only one of the common source 
5 lines V SSM and V ss - 2 is made 0 V. 

Figs. 5A to 5C show the actual layout of the circuit shown in Fig. 4. Fig. 5A is a plan view, Fig. 5B is a 
cross sectional view taken along line B-B of Fig. 4, and Fig. 5C is a cross sectional view taken along line C* 
C of Fig. 4. The fundamental layout shown in Figs. 5A to 5C is similar to that shown in Figs. 3A to 3C. The 
different points are that the common source line V ss - 27is made of the second A1 layer, the data lines DL1 

70 to DLn are made of the first A1 layer, and the common source line V ss - is disposed perpendicular to the 
data lines DL1 to DLn. With this layout, it is possible to determine the cell pitch in the lateral or row 
direction in accordance with the pitch of the first AL wirings of the data lines DL1 to DLn. 

Contrary to the above, the common source line V ss - may be made of the first A1 layer, and the data 
lines may be made of the second Al layer. Furthermore, the common source line V S s« may be disposed in 

75 parallel with the data lines as shown in Figs. 3A to 3C. With such a layout, although a cell size becomes 
large more or less, wirings for the common source lines and data lines can be realized with a single A1 
layer, thereby allowing easy processes. 

Another embodiment is shown in Fig. 6. The different point from that shown in Fig. 4 is that instead of 
providing the source select line and source select transistor, source lines V S sm to V s $-k (only V ss - 2 and 

20 V ss - 3 are shown) dedicated to each block are provided to each memory common source 46. 

The operation of the memory shown in Fig. 6 will be described. In erasing data, a high voltage is 
applied only to the common source line of a selected block. Assuming that the block having the word lines 
WL5 to WL8 is selected, only the common source line V ss - 2 is selected by an erase decoder (44-2) and 
applied with 10 V to erase the data of memory cells within the selected block. The common source lines 

25 V SSM , V ss . 3 to V ss - k of the non-selected blocks are set to 0 V, and data erase is not carried out. 

In data write and read, alt the common source lines V SS m to V S s*k are set to 0 V. Except for this point, 
the other signals are the same as the operation described with Figs. 3A to 3C. In the embodiment shown in 
Fig. 6, the common source lines V SSM to V ss - k made of the second A1 layer are disposed perpendicular to 
the data lines made of the first A1 layer, similar to the embodiment shown in Figs. 5A to 5C. 

30 Although not shown, in the embodiment shown in Fig. 6, the common source lines Vss-! to V ss - k may 

be used in common in the column direction and disposed in parallel with the data lines DL1 to DLk, to allow 
wirings using only a single A1 layer and provide easy processes. In this case, block erase cannot be 
allowed, but all cells of the memory are collectively erased. If block erase is intended, the common' source 
line V ss . is set to -10 V, only the word lines of the selected block, e.g.. the word lines WL5 to WL8, are set 

35 to 0 V, and the word lines WL1 to WL4 r WL9 to WLm of the other non-selected blocks are all set to 12 V. 
With this arrangement, the voltage between the floating gate 1 1 and source 15 of a memory cell connected 
to the non-selected word line becomes considerably small as compared with that of the selected memory 
cell. Accordingly, the data in the memory cell connected to the non-selected word line is not erased, but 
only the data in the memory cell connected to the selected word line is erased. 

40 Reference signs in the claims are intended for better understanding and shall not limit the scope. 

Claims 

1. A non-volatile semiconductor memory cell comprising: 

45 a plurality of blocks (31-1 to 31 -k) each having a plurality of floating gate transistors (30) as 

memory cells, said floating gate transistor (30) having a drain (16), a source (15), a floating gate (11), 
and a control gate (13) capacitively coupled to said floating gate (11), and a data program of said 
floating gate transistor (30) being effected by data write through the injection of electrons into said 
~* ' floating gate (11) and by data erase through emission of electrons from said floating gates (1 1); 

so means for applying an erase signal to a selected one of said blocks to emit electrons from said 

floating gates of a plurality of memory cells (30) in said selected block and to erase data in all of said 
memory cells in said selected block at the same time; and 

means (36) for applying a write signal to the drains (16) of said floating gate transistors (30) in said 
selected block, without applying said write signal to the drains (16) of said floating gate transistors (30) 

55 in non-selected blocks. 

2. A memory according to claim 1, wherein said memory cells (30) within each of said blocks are 
disposed in a matrix. 

9 



M<yw!in' ^cp t\AA Tocft 4i>. 



EP 0 447 856 A1 



3. A memory according to claim 2, wherein the drains (16) of said memory cells (30) disposed in a 
column direction within each of said blocks are commonly connected to constitute a common drain 
(43). 

5 4. A memory according to claim 3, wherein said common drains within each of said blocks are connected, 
via a corresponding one of first switching elements (42-1 to 42-n), to a corresponding one of data lines 
(DL1 to DLn) for transfer of said write signal and read out data. 

5. A memory according to claim 4, wherein each of said data lines is connected to a data input circuit 
w (36) via a corresponding one of second switching elements (34-1 to 34-n). 

6. A memory according to claim 4, wherein said first switching elements (42-1 to 42-n) within each of said 
blocks are connected to a corresponding one of block select decoders (45-1 to 45-k) to be commonly 
turned on and off by an output from said block select decoder. 

75 

7. A memory according to claim 5, wherein said second switching elements (34-1 to 34-n) are connected 
to a column decoder (33) so that at least one of said second switching elements is turned on by an 
output of said column decoder. 

20 8. A memory according to claim 4, wherein said data line corresponding to said memory cells (30) 
disposed in one column within one of said blocks and said data line corresponding to said memory 
cells disposed in said one column within another of said blocks are connected to said data input circuit 
36 via a corresponding one of said second switching elements (34-1 to 34-n). 

25 9. A memory according to claim 8, wherein said second switching elements (34-1 to 34-n) are connected 
to a column decoder (33) so that at least one of said second switching elements is turned on by an 
output of said column decoder. 

10. A memory according to claim 8, wherein said first switching elements (42-1 to 42-n) within each of said 
30 blocks are connected to a corresponding one of block select decoders (45-1 to 45-k) to be commonly 

turned on and off by an output from said block select decoder. 

11. A memory according to claim 9, wherein said first switching elements (42-1 to 42-n) within each of said 
blocks are connected to a corresponding one of block select decoders (45-1 to 45-k) to be commonly 

35 turned on and off by an output from said block select decoder. 

12. A memory according to claim 11, wherein said floating gate transistor (30) includes an erase gate (12) 
to which said erase signal of a positive voltage is applied from a corresponding one of said erase signal 
applying means (44-1 to 44-k) when data is erased, to thereby pull out electrons from said floating gate 

40 (11). 

13. A memory according to claim 11, wherein said floating gate transistor (30) has no erase gate for pulling 
out electrons from said floating gate (11), but said floating gate transistor pulls said electrons into said 
source (15), and said erase signal applying means (44-2, 44-3) applies said erase signal of a positive 

45 voltage to the source (16) of each of said floating gate transistors. 

14. A memory according to claim 12, wherein the sources (15) of said floating gate transistors (30) in the 
..same column within one of said blocks are commonly connected. 

50 15. A memory according to claim 13. wherein the sources (15) of said floating gate transistors (30) in the 
same column within one of said blocks are commonly connected. 

16. A memory according to claim 14, wherein the sources (15) of the memory cells (30) in the 
corresponding columns of adjacent ones of said blocks are connected in common. 

55 

17. A memory according to claim 15, wherein the sources (16) of the memory cells (30) in the 
corresponding columns of adjacent ones of said blocks are connected to a corresponding one of 
common source lines (V ss *) via a corresponding one of third switching elements (47). 
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18. A memory according to claim 15, wherein the sources within each of said blocks are connected to a 
corresponding one of common source lines (V ss - 2 r V S s-3)- 

19. The memory according to claim 4, wherein: 

5 said data line (DL1 , DL2, ...) is provided to each memory cell array in the column direction. 

20. The memory according to claim 4, wherein: 

of said data line (DL23, DL45, ...) is provided with respect to two memory cell arrays in the column 
direction. 

JO 

21. The memory cell according to claim 20, wherein:, 

* applying a signal to said source is performed by a source decoder (SD). 

22. A non-volatile semiconductor memory comprising: 

75 a plurality of blocks (31-1 to 31 -b; B1, B2, ...) each having a memory cell array including non- 

volatile semiconductor memory cells (30) each having a gate insulation film (19), said memory ceils 
(30) each storing data therein by injecting charges through said insulating film, said memory cells being 
arranged in a matrix fashion with a plurality of row lines and a plurality of a common drain lines (43), 
said blocks (31-1 to 31 -k) each having first switching elements (42-1 to 42-n) each connecting said 
20 plurality of common drain lines (43) to a plurality of common bit lines (DL1 to DLn), 

row decoders (32-1 to 32-k) for selecting said row lines, 
column decoder (33) for selecting said common bit lines (DL1 to DLn), 

first block select decoders (45-1, 45-2) for selecting said first switching elements (42-1, 42-2, ...), 
second block select decoder (44-2, 44-3) for selecting common source (V ss -) of said memory cells 
25 (30) within each of said blocks, 

thereby writing data are only applied to said cells (30) in said selected blocks and not applied to 
said cells (30) in said non-selected blocks. 

23. A non-volatile semiconductor memory comprising: 

30 a plurality of blocks (B1 t B2) each having a memory cell array including non-volatile memory cells 

(30) being arranged in a matrix fashion with a plurality of row lines (WL5, WL6 t ...), a plurality of drain 
lines (43) and a plurality of source liens (46), said each two adjacent memory cells being connected by 
connecting one drain to other drain and one source to other source each other along a direction of row 
lines, 

35 said blocks each having first switching element (42-1 - 42-n) each connecting said plurality of drain 

lines (43) to a plurality of common bit lines (DL23, DL45, ...). 

a second switching elements (47) each connecting said plurality of souce lines to said plurality of 
common souce lines (V S s-1, ..-). 

a row decoders (32-2) for selecting said row lines (WL5, WL6, ...), 

40 a column decoder (33) for selecting said common bit lines (DL23, DL45...), 

a source decoder (SD) for selecting said common source lines (V ss .1, V ss .2), 

first block select deocder (45-1, 45-2...) for selecting said first switching elements, 

second block select decoders (44-2. 44-3, ...) for selecting said common source lines V ss .1, V ss -2), 

thereby writing data are only applied to said cells (30) in said selected blocks and not applied to 

45 said cells (30) in said non-selected blocks. 
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